INTRODUCTION
============

Presence of evidence of infection together with systemic responses like fever, hypothermia, tachycardia, etc. is described as sepsis \[[@b1-kjim-2016-001]\]. Sepsis has alternately been called septicemia \[[@b2-kjim-2016-001]\] or sepsis syndrome \[[@b3-kjim-2016-001]\]. Septicemia is a common cause of pediatric morbidity and mortality \[[@b4-kjim-2016-001]\]. World Health Organization (WHO) estimates that 85% of newborn deaths are due to infections, including sepsis, pneumonia, and tetanus \[[@b5-kjim-2016-001]\]. Forty percent of the infants identified with sepsis die, and the biggest toll is in developing countries \[[@b5-kjim-2016-001]\]. Considering the possible severe outcome and paucity of time, administration of empirical antimicrobial therapy is justified in patients suspected of septicemia. Appropriate empiric antibiotic therapy is associated with enhanced survival as well as a shortened hospital stay \[[@b6-kjim-2016-001]\].

Safety and tolerability of pharmaceuticals have always been an interest and concern for those who receive and prescribe drugs. Antimicrobial agents are no exception, and with their great benefit to achieve, there must be responsibility of clinicians and consumers to understand their risks. Regardless of the antimicrobial to be used, a risk-benefit analysis should be used to weigh the risks of toxicity and antibiotic resistance against the intended therapeutic benefit. According to WHO, "an adverse drug reaction (ADR) is any response to a drug which is noxious and unintended and occurs at doses normally used in man for prophylaxis, diagnosis or therapy of disease or the modification of physiological function." This definition excludes therapeutic failures, intentional and accidental poisoning, and drug abuse \[[@b7-kjim-2016-001]\]. ADRs not only may result in hospital admission or prolonged hospitalization but also may lead to permanent disability or even death. Drug reactions can be classified into immunologic and nonimmunologic etiologies. The majority (75% to 80%) of ADRs are caused by predictable, nonimmunologic effects \[[@b8-kjim-2016-001]\]. Remaining 20% to 25% of adverse drug events are caused by unpredictable effects that may or may not be immune mediated \[[@b8-kjim-2016-001]\]. Predictable ADRs may either be avoidable or tolerated, implying such events as toxicity, drug interactions, and secondary effects. Unpredictable and usually unavoidable ADRs include idiosyncratic or allergic reactions as well as intolerance.

Monitoring and documentation of ADRs including preventable and nonpreventable ADRs are crucial to encourage and to ensure safe use of pharmacologic agents. For assessing ADRs, other causes for the adverse drug events should be excluded; a temporal relationship between drug use and onset of the event should exist; improvement should be noted following drug cessation, reactivation upon rechallenge of the drug should be noted; and the reaction is known to be associated with the drug in question. The exact incidence of specific adverse events is often impossible to assess, although clues are gathered from multiple sources. Awareness of the risk groups may decrease the incidence of preventable and serous antimicrobial related adverse effects as well as the extra cost incurred due to these untoward effects. Previously we have showed the antimicrobial therapy and outcome of septicemia patients \[[@b9-kjim-2016-001]\]; therefore, the current study was conducted to monitor the incidence and assess severity of ADRs during the antimicrobial therapy of septicemia patients admitted at a university hospital.

METHODS
=======

Study design and population
---------------------------

The present study was a prospective, observational, and noncomparative one that was conducted at Majeedia Hospital (now, Hakeem Abdul Hameed Centenary Hospital), a 150-bed teaching hospital located in Hamdard University Campus, New Delhi, India. The study population included 34 clinically diagnosed septicemia patients who were admitted in Majeedia Hospital during the period from July 2009 to December 2009.

Patient selection
-----------------

The research protocol was approved by Jamia Hamdard Institutional Review Board (Approval Letter No. 07/09, JH-IRB dated July 2009). Written informed consent was obtained from the patients or patients' close relative prior to inclusion in the study. [Fig. 1](#f1-kjim-2016-001){ref-type="fig"} describes flow chart of the study patients. After a thorough scrutiny of 186 septicemia cases, 34 patients were selected on the basis of inclusion and exclusion criteria. Patients of either sex irrespective of age with suspected or proven infection who fulfill the diagnosing criteria and were prescribed at least one antimicrobial agent were included in the present study. Patients with intentional, accidental poisoning, alcoholic and drug abuse were excluded from the study.

Diagnostic criteria for septicemia
----------------------------------

The clinical diagnosis of septicemia was made by the physician after recording the clinical symptoms followed by performing the standard laboratory tests in the laboratory of Majeedia Hospital. Septicemia diagnoses were done based on with suspected or proven infection and two of the following six criteria \[[@b10-kjim-2016-001]\]: (1) fever (oral temperature \> 38°C \[101°F\] or hypothermia \< 36°C \[96.8°F\]); (2) tachypnoea (\> 24 breaths/min or arterial pCO~2~ below 4.25 kPa); (3) tachycardia (heart rate \> 90 beats/min), leukocytosis (\> 12,000/μL) or leukopenia (\< 4,000/μL) or \> 10% bands; (4) systolic blood pressure \< 90 mmHg or mean arterial pressure \< 65 mmHg; and (5) altered mental state or oliguria or thrombocytopenia.

Data collection procedure
-------------------------

All relevant data including patient age, gender, all drugs, the patients received prior to the onset the reactions, their respective dosage, route of administration, frequency of administration, date and time of onset of reaction, and patient's allergy status to drugs and food were recorded. If any drug induced reactions occurred, the physicians were informed and discussed about the possible antimicrobial related ADRs. The patients were assessed for the possible reaction and carefully monitored on daily basis during their hospital stay and for their occurrence on the basis of specific structured questionnaires. Anatomical Therapeutic Chemical (ATC) code was assigned to each drug for their identification. When offending drug was not known, timing and order of dechallenge/rechallenge were decided by the treating physicians. The decisions made by the physicians were treated as final decision. Other relevant details were recorded from patients' medication records or their treatment chart.

The estimation of the probability that a drug caused an adverse clinical event is usually based on clinical judgment. Using the conventional categories and definitions of definite, probable, possible, and doubtful ADRs generates wide variability in assessment of the exact nature of ADR. Different scales categorize the causality relationship in different ways. For example, the WHO scale categorizes the causality relationship into certain, probable, possible, unassessable/unclassifiable, unlikely, and conditional/unclassified. Naranjo et al. \[[@b11-kjim-2016-001]\] developed a simple method to assess the causality of ADRs in a variety of clinical situations, and its systematic application to different cases of alleged ADRs has provided reliable answers. According to Naranjo scale, the probability that the adverse event is related to drug therapy is expressed as definite, probable, possible, or doubtful, which are based on simple questionnaire that can be answered rapidly \[[@b11-kjim-2016-001]\]. The Naranjo's ADR probability scale was used during the study to estimate the probability of ADRs. Hartwig preventability and severity scales were used to measure the preventable and nonpreventable nature of ADRs and also to assess severity of the ADRs \[[@b12-kjim-2016-001]\].

RESULTS
=======

Patient demographics
--------------------

Out of 186 septicemia cases admitted in hospital wards, 34 patients were selected on the basis of inclusion and exclusion criteria. There were 22 males (64.7%) and 12 females (35.3%). The patients were in the age range between neonates, nine (26.5%); 1 month to 14 years, 10 (29.4%); 14 to 59 years, 10 (29.4%); and 60 years and above, five (14.7%).

ADRs during antimicrobial therapy of septicemia
-----------------------------------------------

In the present study, the detection of ADRs in selected hospitalized patients of septicemia were found to be in 26.5% of the study population. Details of ADRs, their classification, interventions, and outcomes are summarized in [Table 1](#t1-kjim-2016-001){ref-type="table"}. During the study period, 12 ADRs were confirmed occurring in nine, out of 34 admitted patients. Most of these ADRs, 10 (83.3%) were detected by the attending physicians, whereas two ADRs (16.7%) were detected by clinical pharmacist. Majority of patients experienced at least one ADR, while few of the patients reported more than one during the study period. One patient on an average reported at least 1.3 ADRs. Pediatric patients (1 months to 14 years) experienced maximum ADRs (n = 4, 44.4%). Females experienced a significantly higher incidence of ADRs (n = 6, 66.7%) than males (n = 3, 33.3%). A large proportion of the ADRs, 10 (83.3%) were sub-acute type, appeared within 1 to 24 hours of the therapy and two (16.7%) were latent type, appeared after 2 days of the therapy.

According to Naranjo's probability scale, 8.3% ADRs were found to be definite, 58.3% as probable and 33.3% as possible. A higher proportion of these ADRs, eight (66.7%) were preventable in nature, whereas four (33.3%) were nonpreventable. Severity assessment showed that the more than half of ADRs were moderate (58.3%), mild (33.3%), and severe (8.3%). In 41.7% of the observed ADRs cases, the offending agents were stopped. In 25% ADRs management antimicrobials was substituted with other agents. Dose reduction was needed in only one patient (16.7%). No change in treat-ment was attempted in one patient (16.7%) who experienced ADRs. In majority of the patients (66.7%), complete recovery was achieved. There were no fatal outcomes observed due to ADRs. The most common antimicrobial agents implicated with ADRs and their reaction details were presented in [Table 2](#t2-kjim-2016-001){ref-type="table"}. Teicoplanin (one prescription) was found to be the commonest antimicrobial agent associated with ADRs (n = 3, 300%), followed by gemifloxacin (n = 2, 100%) and ofloxacin (n = 2, 40%). Among organs gastrointestinal tract (50%) was the most frequently affected organ system with ADRs, while skin (33.3%) was the second most organ system affected with ADRs ([Table 3](#t3-kjim-2016-001){ref-type="table"}). Relation of ADRs with sex, age and comorbid conditions in patients of septicemia has been shown in [Table 4](#t4-kjim-2016-001){ref-type="table"}.

DISCUSSION
==========

The present study illustrates the magnitude of the problem of ADRs in selected hospitalized patients of septicemia with detection of ADRs in 26.5% of the study population. This report is higher than the findings of as other study \[[@b13-kjim-2016-001]\] and comparable to a joint study report of United States and Canada where the incidences ranged from 15% to 27% \[[@b14-kjim-2016-001]\]. Differences in methodology for data collection (e.g., spontaneous reporting versus chart review) may explain the variability in reported frequencies.

In the present study, higher numbers of ADRs were observed in female patients as compared to male patients ([Table 1](#t1-kjim-2016-001){ref-type="table"}). Hence, females developed ADRs 3.6 times more often than males. It might be attributed that the females being more sensitive to the effect of drugs than the males \[[@b15-kjim-2016-001]-[@b17-kjim-2016-001]\]. Incidence of ADR was 1.6 times higher in patients, who were aged more than 60 years of age ([Table 4](#t4-kjim-2016-001){ref-type="table"}). Subsequently incidence of ADR was two times higher in patients with more than two comorbid conditions. It has been observed that there is correlation between number of ADRs and the number of comorbid conditions in the patients.

A case of generalized tonic clonic seizure associated with amoxicillin-clavulanic acid (Augmentin, GlaxoSmith-Kline, London, UK; on dose 250:50 mg frequency four times daily route of administration intramuscular administration) was observed in the present study. This might be linked to β-lactam antibiotics in which β-lactam ring is present, which directly or indirectly can stimulate central nervous system. Blood in stool, 1/15 (6.7%) reactions associated with amoxicillin-clavulanic acid was observed. A study from Italy reported 2% hematological reactions associated with amoxicillin-clavulanic acid \[[@b18-kjim-2016-001]\]. It may be linked due to thrombocytopenia and prolongation of prothrombin time, which are described as the uncommon side effects in the summary of product characteristics of amoxicillin-clavulanic acid \[[@b19-kjim-2016-001]\]. However, we found little information about hematological reactions related to amoxicillin-clavulanic acid.

The higher incidence of ceftriaxone-tazobactam-induced diarrhoea could be explained by its greater resistance to β-lactamases, which might result in a higher concentration of ceftriaxone in the intestine and a consequent stronger modification of the bacterial flora, responsible for diarrhoea. Although these effects are usually minor and transient, they may lead to the interruption of treatment; therefore, further studies are necessary to assess the role of ceftriaxone in gastrointestinal disturbances.

Ofloxacin induced itching and purpural rashes were observed in one patient out of five prescription drug (20%). Liang et al. \[[@b20-kjim-2016-001]\] reported 2% of skin rash as an ADR due to ofloxacin in a comparative study of ofloxacin versus co-trimoxazole for prevention of infection in neutropenic patients. Gemifloxacin induced skin rash was detected in one patient out of two prescriptions, 50% patients. It also caused diarrhea in one patient out of two prescriptions. A study reported appearance of rash more common with use of gemifloxacin, particularly in younger women (39 years old) treated for 7 days (12%) versus those treated for only 5 days (2.1%) \[[@b21-kjim-2016-001]\]. Another study reported lower incidence of rash in the 5-day cohort (0.4%) versus the 7-day cohort (2.8%), overall in 1.6% of patients \[[@b22-kjim-2016-001]\]. They also reported 3.1% of diarrhea as the adverse events of gemifloxacin \[[@b22-kjim-2016-001]\]. Quinolones are associated with a nonspecific capacity to cause mast cells and basophils to release histamine, on the basis of animal studies measuring plasma histamine levels and the appearance of a generalized rash \[[@b23-kjim-2016-001]\]. This may be, at least in part, a potential mechanism for some immune-mediated adverse reactions such as rash.

All the detected ADRs were evaluated according to Naranjo's algorithm probability scale; most of the ADRs were categorized as probable and as definite in only one patient. Majority of the ADRs were preventable in nature. In this study, we did not asses the types of ADRs. On severity scale, majority of these ADRs were moderate, followed by mild and in one patient the reaction was severe which appeared on the fixed dose combination therapy of amoxicillin-clavulanic acid (Augmentin) at the dose of 250:50 mg, four times daily frequency and on intramuscular administration. The most common organ systems affected with ADRs in our study were gastrointestinal and skin. This is supported by previous studies which reported gastrointestinal ADRs among the top three ADRs \[[@b17-kjim-2016-001]\].

Antimicrobials have played important role in the treatment and cure of diseases; however, irrational prescribing, different types of races availability, variation in climatic conditions in Indian region may lead to differing types of ADRs in Indian population and these ADRs not only may result in hospital admission or prolonged hospitalization, increase economic burden but also may lead to permanent disability or even death. Awareness of the risk groups may decrease the cost as well as the incidence of preventable and serous antimicrobial related adverse effects. The most common antimicrobials involved in ADRs were newer one such as teicoplanin and gemifloxacin, although the numbers of prescription of these antimicrobials were one and two, respectively. As expected patients with more than two co-morbid conditions experienced higher percentage of ADRs. These findings need to be verified in larger number prescriptions containing these antimicrobials.

KEY MESSAGE
===========

1\. The association of generalized tonic clonic seizure with amoxicillin-clavulanic acid adverse drug reactions (ADRs) is particularly significant may be due to presence of β-lactam ring in β-lactam antibiotics.

2\. A higher proportion of preventable ADRs were observed which can be prevented by careful monitoring of patient drug therapy.

No potential conflict of interest relevant to this article was reported.

The support by the University Grants Commission, New Delhi (Grant No. F. 4-1/2006 \[BSR\]/11-26/2008\[BSR\]) is gratefully acknowledged by the authors.

![Flow chart for the selection of study patient.](kjim-2016-001f1){#f1-kjim-2016-001}

###### 

Analysis of ADRs against different parameters

  Parameter                  Number (%)
  -------------------------- --------------
  Age                        
   Neonate                   0
   1 mon--14 yr              4/9 (44.4)
   14--59 yr                 3/9 (33.3)
   ≥ 60 yr                   2/9 (22.2)
  Sex                        
   Male                      3/9 (33.3)
   Female                    6/9 (66.7)
  Onset of ADRs              
   Acute (\< 1 hr)           0
   Sub-acute (1--24 hr)      10/12 (83.3)
   Latent (\> 2 day)         2/12 (16.7)
   Unknown                   0
  Causality                  
   Definite                  1/12 (8.3)
   Probable                  7/12 (58.3)
   Possible                  4/12 (33.3)
  Severity                   
   Mild                      4/12 (33.3)
   Moderate                  7/12 (58.3)
   Severe                    1/12 (8.3)
  Nature of ADRs             
   Preventable               8/12 (66.7)
   Nonpreventable            4/12 (33.3)
  Intervention               
   Stop the medication       5/12 (41.7)
   Reduce the dose           2/12 (16.7)
   Add another drug          0
   Substitute another drug   3/12 (25.0)
   No change                 2/12 (16.7)
  Outcome                    
   Fully recovered           8/12 (66.7)
   Recovering                3/12 (25.0)
   Fatal                     0
   Unknown                   1/12 (8.3)

ADR, adverse drug reaction.

###### 

Antimicrobials most commonly involved in ADRs and their reaction details

  Antimicrobial                 No. of prescriptions   Reaction detail                       ADRs (n = 12)                                                ATC code
  ----------------------------- ---------------------- ------------------------------------- ------------------------------------------------------------ ----------
  Amoxicillin-clavulanic acid   15                     GTCS (1), blood with stools (1)       2/15 (13.3)^[a](#tfn1-kjim-2016-001){ref-type="table-fn"}^   J01CR02
  Ceftriaxone-tazobactam        8                      Diarrhea (3)                          3/8 (37.5)^[a](#tfn1-kjim-2016-001){ref-type="table-fn"}^    J01CG02
  Ofloxacin                     5                      Itching (1), popular rashes (1)       2/5 (40)^[a](#tfn1-kjim-2016-001){ref-type="table-fn"}^      J01MA01
  Gemifloxacin                  2                      Skin rash (1), loose motion (1)       2/2 (100.0)^[a](#tfn1-kjim-2016-001){ref-type="table-fn"}^   J01MA15
  Teicoplanin                   1                      Skin rash (1), vomiting (1), ND (1)   3/1 (300)^[a](#tfn1-kjim-2016-001){ref-type="table-fn"}^     J01XA02

ADR, adverse drug reaction; ATC, Anatomical Therapeutic Chemical; GTCS, generalized tonic clonic seizure; ND, nasal decongestion.

(%) Values are presented as number of ADR/number of prescription.

###### 

Organ systems affected due to ADRs

  Organ system             No. (%) of ADRs (n = 12)
  ------------------------ --------------------------
  Gastrointestinal         6 (50.0)
  Skin                     4 (33.3)
  Central nervous system   1 (8.3)
  Nose                     1 (8.3)

ADR, adverse drug reaction.

###### 

Relation of ADRs with sex, age, and comorbid conditions in patients of septicemia

  Characteristic            No. of patients   Patients with ADRs, n (%)
  ------------------------- ----------------- ---------------------------
  Sex                                         
   Male                     22                3 (13.6)
   Female                   12                6 (50.0)
  Age, yr                                     
   \< 60                    29                7 (24.1)
   ≥ 60                     5                 2 (40.0)
  Comorbid condition                          
   Less than 2 conditions   7                 1 (14.3)
   More than 2 conditions   27                8 (29.6)

ADR, adverse drug reaction.
